In this paper, we consider a food-limited population model with impulsive effect. Several explicit sufficient conditions are established for oscillation and nonoscillation of solutions of the equations.
Introduction and preliminaries
The theory of impulsive delay differential equation is emerging as an important area of investigation, since it is a lot richer than the corresponding theory of delay differential equations without impulse effects. Moreover, such equations may describe several real world phenomena in physics, biology, engineering, etc. In recent years, oscillation theory of impulsive delay differential equations attracts attention of many mathematicians and numerous papers have been published on this class of equations (see [2, 5, 9, 10] and references therein). For oscillation theory of nonimpulsive delay differential equations, we refer the reader to the references [3, 4, [6] [7] [8] .
, N t (A1) 0 t 1 < t 2 < · · · < t k < · · · are fixed points with lim k→∞ t k = ∞, k = 1, 2, . . . ; (A2) b k > −1, k = 1, 2, . . . , K is a positive constant; (A3) r(t) and p i (t) are Lebesgue measurable locally essentially bounded functions, r(t) 0 and
The results of this are generalizations of those of (1.1) in [1] . We consider the impulsive differential equation
and the initial value problem
Here for any T 0 0, 
(iii) y(t) satisfies the former equation of (1.3) a.e. in [T 0 , ∞)\{t k } and satisfies the latter equation for every t = t k , k = 1, 2, . . . .
For any t 0, consider the nonlinear delay differential equatioṅ 
is a solution of nonimpulsive delay differential equation (1.5).
The proof of Lemma 1.4 is similar to that in [9, Theorem 1] and will be omitted. 
Main results
In this paper, consider only such solutions of (1.3) for which the following condition holds:
and hence, in view of (1.6),
K − 1 and (2.1), (2.2), it follows that
Thus for the initial condition
We begin with the following lemma.
If y(t) is a nonoscillatory solution of (1.3), then lim t→∞ y(t) = 0.
Proof. Suppose first y(t) > 0 for t T 1 0. From (1.6) and (A2), x(t) > 0 for t T 1 . Then there exists T 2 T 1 such that
Then, by (2.3) and (2.4),
Then there exists T 2 > T 1 such that (2.5) holds for t > T 2 . Suppose u(t) is denoted by (2.6) and c = x(T 2 ). Then from (1.5) and (2.2) u(t) 0, −1 < c < 0, we obtain 
are oscillatory. Then all solutions of (1.3) are oscillatory.
Proof. Suppose y(t) is an eventually positive solution of (1.3). Then x(t)
is an eventually positive solution of (1.5). Lemma 2.1 implies that there exists T 1 0 such that
We suppose (2.5) holds for t T 2 , we have
By a known result (see [7, p . 67]), (2.8) has a positive solution, which is a contradiction. Now we suppose − < ( T 0 t k <t (1+b k ))x(t) < 0 for t T 1 and (2.3) holds for t T 2 T 1 . Then for t T 2 , we also get 
12)
then all solutions of (1.3) are oscillatory.
Theorem 2.4. Assume that (A1)-(A4) hold and
Moreover, for some > 0 there exists a nonoscillatory solution of the linear delay differential equatioṅ
then there exists a nonoscillatory solution of (1.3).
Proof.
Suppose that x(t) > 0 for t > T 0 is a solution of (2.14). Then by (1.5) and [7, t T 0 such that (1 + b k ) ) < , and consider two sequences:
w n−1 (s) ds
where w 0 was defined above and v 0 ≡ 0. We have
Hence by induction,
18) and w n (t) v n (t).
There exist pointwise limits of nonincreasing nonnegative sequence w n (t) and of nondecreasing sequence v n (t). If we denote w(t) = lim n→∞ w n (t), v(t) = lim n→∞ v n (t), then by the Lebesgue Convergence Theorem, we conclude that
we fix b T 0 and define operator T :
by the following equality: Denote
Then x(t) is a nonoscillatory solution of (1.5). Thus by Lemma 1.1,
is a nonoscillatory solution of (1. and some relevant models.
(t) = r(t)N(t) K − N(h(t))|N(h(t))| l−1 K + m i=1 p i (t)N (g i (t))|N(g i (t))| l−1 , N t

